Streptumyces griseulus that performs plant-like herbicide metabolism and has been expressed in transgenic plants. Molecular engineering techniques and heterologous expression systems have allowed us t o perform experiments which provide infomiation about the role of these enzymes in situ, and the possible utilities of re-engineered systems of cytochromes P 4 5 0 in plants.
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Plant expression of bacterial cytochromes P-450
The herbicide mono-oxygenase systems of S Experiments in vitro have demonstrated the ability of S. griseolus cytochrome P-450,,., to enzymically function using reducing equivalents derived from plant chloroplast ferredoxin. One of the best herbicide substrates for cytochronie P-450,,., is the sulphonylurea, Ii7102 (2-methylethyl-2,3-dihydro-N-[( 4,h-dimethoxypyrimidin-2-yl)aminocarbonyl]-1,2-benzoisothiazole-7-sulphonamide-1,l -dioxide), which is N-dealkylated [ 15, 161 to a highly phytotoxic metabolite from this normally non-phytotoxic pro-herbicide.
The electron transfer requirements of cytochrome 1-'-450,, I and its ability to dramatically alter the phytotoxicity of a pro-herbicide, suggest that modifying plant herbicide metabolic capabilities with a readily observable phenotype is possible provided that steps are taken to ensure that the plant-expressed bacterial cytochrome P-450 is translocated into the chloroplast stromal space in order to intercept reducing equivalents from ferredoxin. Chloroplast-targeted proteins encoded by the nucleus are normally imported into the chloroplast following cytoplasmic translation by means of a transit peptide that allows recognition and translocation of the immature polypeptide across the chloroplast envelope. Subsequent or perhaps simultaneous cleavage of the transit peptide yields a mature protein.
In the following experiments, a series of gene constructions, using either the 3SS, Cab, or rbcS promoters , some with chloroplast transit sequences from either rubisco small subunit or the chlorophyll a/b binding protein, the cytochrome I-'-450,,.1 structural gene, and a 3' untranslated sequence were prepared. These were designed to test both whether transformation would result in 
Bacterial cytochrome P-450 biosynthesis and compartmentation in transgenic plants
A diagrammatic representation of the steps involved in the successful expression of S grrsoleus cytochrome P-450,,, in tobacco Constructions without transit sequences result in a cytoplasmic localization of the cytochrome P-450 and low enzymic activity
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expression of an active protein, and whether chlorophst targeting would result in higher activity, since under these conditions the mature protein would reside in the same subcellular compartment as a known reductant. The Dh'A constructions were subcloned into tDNA plasmids to mediate their transfer from Agrobacterium into tobacco 120 and transformed tobacco callus was selected for kanamycin resistance (also derived from the tr)NA), and regenerated. The regenerated plants were screened for high expression of cytochrome P-450,,:, either by mRNA or antigen levels; these plants were allowed to flower, and seed was collected following self pollination. I Iigh levels of cytochrome 1'-450,, I antigen could again be detected in seedlings of the I 1 generation. More significantly, those plants where cytochrome 1'-450,, , had been engineered with an attached chloroplast targeting transit sequence, exhibited a marked sensitivity to the sulphonylurea herbicide 117402, owing to the cytochrome P-450,, ,-mediated N-dealkylation of this compound to a phytotoxic metabolite. Observation of this phenotype demonstrates that some mature native cytochrome P-450 is being assembled in the chloroplast of these plants, although the efficiency (fraction of transcribed protein that ends up as functional protein) is unknown. The presence of a cytochrome P-450-related phenotype shows that the immature protein can be imported into the chloroplast, the transit peptide removed, haem inserted, and appropriate folding of the native protein occurs (see Fig. 2 ).
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Conclusions
Much of the work reported here relies on a biochemical/biophysical interpretation of results generated largely through protein engineering and heterologous expression techniques. 'I'his approach is proving indispensible for the interpretation of structure/function properties of the cytochromes 1'-450, where a wide range of substrate specificity is associated with a diversity of primary structure. As more information becomes available. it is expected that further distinctions between the plant cytochromes P-450 and those of animal origin will manifest themselves. It is also probable that further practical uses will be found for cytochrome 1'-450-engineered plants, derived from both the techniques for plant expression of bacterial P-450s outlined here, and from modified or heterologous expression of endogenous plant P450s. ('y;iiiide-resist;int respiration is not restricted t o the plant kingdom, hotvever, since :I similar oxidase is ;itso found in fungi, a large number of yeasts and \:;irious protista including several inembers of the brucei group of African trypanoLVell-est;iblished features of the plant ;ittermtiire oxidase include its branch point from the m i i n respiratory chain on the substrate side of Complex 111 ;it the level of ubiquinone, the reduction of o2 to I I1O and not I I1O1 or 0'-and inhibition by sollies 12 I.
